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O

EOEING Jose Kou, Chief

Facilities Management Branch

California Environmental Protection Agency
Department of Toxic Substances Control i
1011 N. Grandview Avenue

Glendale, CA 91201

Subject: Report on Annual Groundwater Monitoring, 2003
Santa Susana Field Laboratory
Ventura County, California

RE: Post-Closure Permit Nos. PC-94/95-3-02 and. PC-94/95-3-03

1

Dear Mr. Kou:

The Boeing Company, Rocketdyne (Rocketdyne) hereby submits the “Report on
Annual Groundwater Monitoring, 20037, File No. 32600/05/10/M442, Haley &
Aldrich, Inc., dated 27 February 2004. This report describes activities on the
groundwater program at the Santa Susana Field Laboratory for the period 01
January 2003 through 31 December 2003.

There are currently 218 monitoring wells, 13 facility water supply wells, and 18
offsite private sources included in the groundwater program at SSFL. Water-
producing wells in the monitoring network are sampled according to the 2003
monitoring schedule and groundwater sampling and analysis plans that were
included in the 2002 Annual Groundwater Monitoring Report dated 28 February
2003. With the concurrence of DTSC, sample collection at several wells was
postponed to accommgdate the completion of the C-1 corehole pumping test
(DTSC, 2003).

Rocketdyne has five active groundwater treatment systems operating at SSFL in
Areas I, I, and IIl. These include the Alfa, Bravo, STL-IV, and Delta air stripping
towers plus one ultraviolet (UV)/peroxidation (H,0,) unit. The UV/H,0, unit is
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located along the Area I Service Road. The cumulative volume of groundwater
extracted and treated through 2003 is approximately 1,746 million gallons.

If you have any questions, please call me at (818) 586-5695.

Sincerely,

Art Lenox
Environmental Remediation

Reference:  California Department of Toxic Substances Control (DTSC), 2003.
Letter from Jose Kou, DTSC, to Art Lenox, The Boeing Company,
re: “Modification of 2003 and 2004 Groundwater Sampling
Schedule for Area I, Santa Susana Field Laboratory, EPA ID
CAD093365435.” 22 December 2003.

AJL:DHC:bjc
Attachment: Distribution

Enclosure: Report on Annual Groundwater Monitoring, 2003
Santa Susana Field Laboratory
Ventura County, California
File No. 32600/05/10/M442, Haley & Aldrich, Inc.,
dated 27 February 2004
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1.

INTRODUCTION

This report summarizes the groundwater monitoring and groundwater extraction/treatment
activities conducted during 2003 at The Boeing Company, Rocketdyne Propulsion & Power
Santa Susana Field Laboratory (SSFL) located in Ventura County, California (Figure 1). This
report is intended to fulfill the requirements of multiple regulatory programs at SSFL, which
are addressed in the Post-Closure Permits prepared by the California Department of Toxic
Substances Control (DTSC), and the Leaking Underground Fuel Tank (LUFT) monitoring
program overseen by DTSC. Specific requirements include performance of detection
monitoring, evaluation monitoring and interim corrective action monitoring as described in
the Facility Post-Closure Permits, and per the requirements of Title 22, Article 6, Sections
66264.97 through 66264.99 of the California Code of Regulations (CCR).

Monitoring activities conducted during the year included:

measurement of static water levels;

collection and laboratory analysis of groundwater samples;

measurement of groundwater extraction/treatment system water levels, pumping rates
and volumes; and

collection and laboratory analysis of water samples from treatment system influent and
effluent.

Historic data were reported in the following documents:

through the year 1999 in the Annual Groundwater Monitoring Report, Santa Susana
Field Laboratory, 1999, Boeing North American, Inc., Rocketdyne Propulsion &
Power, Ventura County, California (Groundwater Resources Consultants, Inc.
(GWRC), February 28, 2000);

year 2000 in the Report on Annual Groundwater Monitoring, 2000, Santa Susana
Field Laboratory, Ventura County, California (Haley & Aldrich, 2001);

year 2001 in the Report on Annual Groundwater Monitoring, 2001, Santa Susana
Field Laboratory, Ventura County, California (Haley & Aldrich, 2002a) and Report
on Appendix IX Groundwater Monitoring, 2001, Santa Susana Field Laboratory,
Ventura County, California (Haley & Aldrich, 2002b);

year 2002 in the Report on Annual Groundwater Monitoring, 2002, Santa Susana
Field Laboratory, Ventura County, California (Haley & Aldrich, 2003a), and
Addendum to Report on Annual Groundwater Monitoring, 2002, Santa Susana Field
Laboratory, Ventura County, California (Haley & Aldrich, 2003b);

the first quarter 2003 in the Groundwater Monitoring Quarterly Report, First Quarter
2003, January through March 2003, Santa Susana Field Laboratory, Ventura County,
California (Haley & Aldrich, 2003c);

the second quarter 2003 in the Groundwater Monitoring Quarterly Report, Second
Quarter 2003, April through June 2003, Santa Susana Field Laboratory, Ventura
County, California (Haley & Aldrich, 2003d); and

the third quarter 2003 in the Groundwater Monitoring Quarterly Report, Third
Quarter 2003, July through September 2003, Santa Susana Field Laboratory, Ventura
County, California (Haley & Aldrich, 2003e).
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The scope of this annual report includes the following as required per the Post-Closure
Permits and CCR Title 22, Sections 66264.97 through 66264.99:

n A tabular summary of water level measurements;

n Discussion of the rates and direction of groundwater movement;

u A tabular summary of laboratory analyses of water samples;

u A tabular summary of groundwater extraction volumes and extraction well water

levels and flow rates;

n A tabular summary of laboratory analyses of permitted treatment system influent and
effluent water samples;

n Water level hydrographs;

L] A groundwater elevation contour map of the Chatsworth Formation water table
surface for November 2003;

u Contaminant concentration posting maps for the year 2003; and

. Contaminant concentration versus time plots from 1994 through 2003.

Additional groundwater data were collected by MWH and Haley & Aldrich in 2003 as part of
the Near-Surface Groundwater Investigation (NSGI), the investigation of seeps and springs,
the Chatsworth Formation Operable Unit Investigation (CFOU) and the Perchlorate
Characterization Work Plan. In general, these data have been, or will be, reported under
separate cover and are not presented in this report. When data from these programs are
presented in this report, the text or table(s) will explain the exception.

1.1 Report Organization

Groundwater monitoring results, including analytical results and hydraulic head conditions,
are presented in Section 2. Data for remedial systems are presented in Section 3.
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2. GROUNDWATER MONITORING

This section presents a discussion of analytical results from 2003 groundwater sampling
events conducted at SSFL. Monitoring wells, located as shown in Figure 2, were sampled
quarterly, semi-annually, or annually in accordance with the current Sampling and Analysis
Plan (SAP) for the Facility (GWRC, 1995a, 1995b).

Additional subsurface investigation programs were conducted at SSFL during 2003. Asa
result of these ongoing investigations, additional information on site geology and groundwater
conditions is becoming available. To the extent possible, this new information is incorporated
in this report.

Information on groundwater conditions at SSFL is discussed below. Site geology and
groundwater units are summarized and illustrated on Figures 3 and 4. Recently collected data
in the eastern portion of SSFL indicate the presence of several geologic features that impact
groundwater flow (MWH, 2002). The groundwater conditions depicted in this report are
subject to change as additional data become available. Groundwater elevation contours for the
first encountered water in the Chatsworth Formation, as determined from groundwater level
measurements collected during the fourth quarter 2003 sampling event, are shown on Figure
5. Multi-port FLUTe sampling devices were installed in existing wells in the Former Sodium
Disposal Facility (FSDF) and in the northeast corner of SSFL over the last three years as part
of the CFOU investigation. The elevation of first water in the multi-port devices varies from
that previously observed in the open well bores. Accordingly, the actual elevation of first
encountered groundwater probably differs from that shown in Figure 5.

Historic precipitation, year 2003 water level measurements, and historic water level
hydrographs for select wells are presented in Tables I and II and Appendix A, respectively.
Hydrographs representing vertical profiles of 2003 water levels in wells installed with FLUTe
systems were prepared by MWH and are presented in Appendix A. Well and piezometer
construction details are summarized in Appendix C. FLUTe system construction details are
presented in Appendix A.

Groundwater quality results and trends, as presented in Tables III through XIII and XVII,
Appendices E and F, and Figures 6 through 22, are discussed in Section 2.2.

2.1 Groundwater Elevations and Flow Conditions

Groundwater occurs at SSFL in the alluvium, weathered bedrock, and unweathered bedrock
(GWRC, 1987; Montgomery Watson, 2000a). First-encountered groundwater exists under
water table conditions and may be encountered in any of these media. For the purposes of
this report, near-surface groundwater is defined as groundwater that is present in the alluvium
and weathered bedrock, and groundwater that occurs below the weathered bedrock is referred
to as Chatsworth Formation groundwater. ’

Near-surface groundwater has a limited areal extent at SSFL, typically occurring in narrow
alluvial drainages (topographic lows) and broad valleys (e.g., Burro Flats in Area IV).



Where near-surface groundwater exists, the near-surface and Chatsworth Formation
groundwater are often times vertically continuous (i.e., not separated by a vadose zone). In
this case, the separation of near-surface groundwater and Chatsworth Formation groundwater
is a descriptive term only.

Based on data collected to date, perched groundwater exists at a few locations within SSFL
(MWH, 2003c). At these locations, a vadose zone within the Chatsworth Formation separates
near-surface and Chatsworth Formation groundwater. Groundwater data collection and
analysis is continuing and interpretations of existing hydrogeologic conditions will be
modified as necessary based on the data collected.

2.1.1 Near-Surface Groundwater

The near-surface groundwater occurs in a thin layer of Quaternary alluvium
distributed primarily in the Burro Flats area and along ephemeral drainages and the
upper weathered portion of the Chatsworth Formation. The alluvium consists of
unconsolidated sand, silt, and clay materials that have been eroded primarily from the
surrounding Chatsworth and Santa Susana Formations.

The occurrence of near-surface groundwater is discontinuous at the Facility. Near-
surface groundwater is present along ephemeral drainages and in the southern part of
Burro Flats. Some portions of the alluvium and upper weathered Chatsworth
Formation are saturated only during and immediately following the wet season.

Water level measurements were obtained quarterly from all 92 near-surface
groundwater wells during 2003 (Table II, Appendix A). Near-surface groundwater
levels during 2003 followed the general historical trend, highest during the late winter
and spring rainy season and lowest during the summer and early fall dry months. For
the 2003 water year, 25.20 inches of precipitation was measured, approximately 39%
above average (Table I). Discharge of water to Facility storage reservoirs and
channels as part of site operations also affects groundwater levels in the shallow wells.

Water level data from shallow wells continue to indicate that near-surface
groundwater movement is generally a reflection of surface topography. Groundwater
movement within the canyon areas, where most of the near-surface groundwater
occurs, is generally in the same direction as surface flow in the canyons. Downward
vertical movement of near-surface groundwater into the Chatsworth Formation
bedrock also occurs.

2.1.2 Chatsworth Formation

The principal water bearing system at the Facility is the fractured Chatsworth
Formation composed of poorly- to well-cemented, massive sandstone with interbeds
of siltstone and claystone. Several structural features are apparent at the site including
the Shear Zone, trending to the northeast through Area I, and several faults. These
major features appear to compartmentalize groundwater flow within delineated units
as depicted on Figure 5 (Montgomery Watson, 2000a; MWH, 2002). As indicated
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above, studies currently in progress indicate several additional geologic features are
present at SSFL which influence groundwater flow, including faults and shale beds.
These features are not depicted on Figure 5, since they have not as yet been
completely defined.

2.1.2.1 Groundwater Elevations and Flow Conditions

Water level measurements were obtained quarterly from all 126 Chatsworth
Formation monitor wells during 2003 (Table II, Appendix A). Access to
measure water levels was not available at wells with FLUTe systems installed.
Discrete depth-interval water level data from FLUTe wells are presented in
Table II and Appendix A. Water levels from the shallowest well in each
Chatsworth Formation cluster {or from individual Chatsworth Formation
wells at non-cluster locations) obtained in November 2003 were used to
prepare the water table contour map presented as Figure 5.

Chatsworth Formation water levels during the fourth quarter 2003 were
generally higher than fourth quarter 2002 water levels. This year to year
increase was the result of increased precipitation in 2003, and below normal
precipitation in 2002. Annual precipitation in 2003 was above the annual
average. As noted above, recent field investigations have resulted in the
installation of several multi-port sampling devices (FLUTes) in existing wells
in the northeast portion and FSDF area of SSFL. The elevation of first water
in the multi-port varies from that previously observed in the open well bores.
Accordingly, the actual elevation of first encountered groundwater probably
differs from that shown in Figure 5.

'The determination of groundwater flow rates and direction are required per
Title 22 Section 66264.97 of the California Code of Regulations. A
groundwater table contour map is included in the annual report (Figure 5) to
fulfill, in part, that requirement. A groundwater contour map is used in
simple hydrogeologic settings to depict variations in the elevation of the water
table surface, which can in turn be interpreted to reflect relative directions of
groundwater flow. The groundwater elevation contours depicted in Figure 5
cannot be used to infer groundwater flow directions or rates of groundwater
movement for the following reasons:

u Several hydraulically significant features such as fault zones and shale
beds are present at SSFL and act as impediments to groundwater flow
across them. Accordingly, while significant variations in the
elevation of groundwater are present at SSFL, these differences do
not necessarily indicate preferred directions of groundwater flow.

L The water level elevations depicted probably do not represent the
elevation of the first occurrence of groundwater due to the relatively
long open intervals of some of the monitoring wells. The water levels
shown represent average heads over the screened or open interval.
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n Groundwater flow directions and rates in fractured rock are
influenced by the bedrock matrix and possibly the orientation of
structural features and stratigraphy.

Static depths to water in Chatsworth Formation wells measured during 2003
ranged from above land surface at artesian wells RD-59B, RD-59C, RD-68A,
and RD-68B to 508.78 feet at well RD-47 in the second quarter 2003. Water
level elevations measured in Chatsworth Formation monitor wells during
November 2003 ranged from approximately 1,314 feet above mean sea level
(MSL) at well RD-59A to 1,898 feet above MSL at well RD-42 (Table II). As
site characterization studies continue, the rate and direction of groundwater
flow in each groundwater unit may be further refined.

2.2  Groundwater Quality Results

The groundwater monitoring program at SSFL fulfills the requirements of multiple regulatory
programs prescribed by the Post-Closure Permits (California DTSC, 1995), a Class 2 Permit
Modification of the Post-Closure Permits (California DTSC, 2001), the LUFT program
overseen by DTSC, and various characterization efforts conducted at SSFL. The Post-Closure
Permit monitoring programs include the Evaluation Monitoring Program and Detection
Monitoring Program. The Evaluation Monitoring Program requires semi-annual sampling of
point of compliance wells, evaluation monitoring wells, and interim corrective action wells.
Detection monitoring wells, including background wells, are sampled quarterly.

Per the groundwater monitoring program, groundwater samples were collected during 2003
from shallow and Chatsworth Formation wells, and selected off-site wells and springs. With
the concurrence of DTSC, sample collection at several wells was postponed during 2003 to
accommodate a pumping test at corehole C-1 (DTSC, 2003). A summary of the specific
analyses conducted at individual wells and springs during 2003 is presented in Table B-II of
Appendix B. This section summarizes the results of the routine quarterly groundwater
monitoring program for 2003.

Groundwater sample results from Facility wells are compared to various regulatory limits for
discussion purposes. For those compounds or water quality constituents that have Maximum
Contaminant Levels (MCLs) promulgated per the Safe Drinking Water Act (SDWA), the
MCLs are used for purposes of comparison. Some constituents of concern do not have
associated MCLs, but have California State Action Levels (ALs) that are used for purposes of
comparison and discussion. Action levels are health-based advisory levels for chemicals in
drinking water that are established for those chemicals for which there are no formal
regulatory standards. Water purveyors are required to advise their customers of the presence
of these compounds in drinking water when concentrations are at or above action levels. If
concentrations of these compounds exceed 10 or 100 times the action levels, water purveyors
are required to remove the water source from their distribution system (DHS, 2003). In all
cases, it is important to note that the groundwater beneath the SSFL Facility is not used to
supply drinking water. All references to MCLs and ALs are for purposes of discussion only.
In addition, reporting requirements in the Post-Closure Permits call for posting of all water
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quality results above method detection limits. These data are flagged to indicate the
uncertainty associated with data reported at concentrations below the reporting limit.

Water quality results are tabulated in Tables III through XIIT and XVII. Analytical results for
cis-1,2-dichloroethene (cis-1,2-DCE) and trichloroethene (TCE), the most prevalent
contaminants detected in groundwater samples collected from the site, are posted on a site
base map in Figures 6 through 9 for the near-surface and Chatsworth Formation groundwater
systems. Maximum concentrations of constituents of concern detected during 2003 are posted
on Figures 10 through 19. Constituents of concern that were not detected in any groundwater
samples during 2003 are not posted on the figures. Figure 20 presents wells sampled for
Appendix IX constituents during 2003. Concentrations of Appendix IX constituents detected
during 2003 are posted on Figures 21 and 22. Concentration versus time plots for
constituents of concern at permitted wells are presented in Appendix F.

During the 2003 routine quarterly sampling, laboratory analyses were performed for the
determination of volatile organic compounds (VOCs), fuel hydrocarbons, trace metals,
cyanide, inorganic constituents, semi-volatile organic compounds, perchlorate, gross alpha
and beta, tritium, and gamma-emitting radionuclides. As part of the Chatsworth Formation
Operable Unit (CFOU) groundwater investigation, a number of wells were monitored
quarterly for constituents of concern (Table XII). A quality assurance summary of the
monitoring program is presented in Appendix D.

As required by the existing Post-Closure Permits, seven point of compliance wells were
monitored for the full list of Appendix IX constituents during the year per the 2003 schedule
(Table B-I of Appendix B). Results of the 2003 Appendix IX analyses were subjected to a data
validation process in accordance with guidance from the United States Environmental
Protection Agency (USEPA) “National Functional Guidelines for Organic Data Review”
(EPA540/R-99/008, October 1999), “National Functional Guidelines for Inorganic Data
Review” (EPA540/R-01/008, July 2002), and the EPA Method specific protocol criteria,
where applicable. A summary of the data validation process is included in Appendix H.

2.2.1 Near-Surface Groundwater

Groundwater samples were collected from 38 shallow wells as part of the
groundwater monitoring program in 2003. In addition, one near-surface groundwater
piezometer was sampled during the year. All analytical results were within historic
ranges (GWRC, 2000; Haley & Aldrich, Inc., 2001, 2002a, 2002b, 2003a), with the
exceptions noted below. Results for each well are summarized in Tables III through
XII. Deviations from historic water quality results for analytes exceeding the practical
quantitation limits (PQLs) and results of verification sampling are discussed below.

As part of the Near-Surface Groundwater Characterization, 132 piezometers were
installed during 2000 through 2003. Groundwater samples were collected from the
piezometers for the analysis of various compounds of concern. Results of these
samples were summarized in the Near-Surface Groundwater Characterization Report
{(MWH, 2003c),



HALEY &

2.2.1.1 LUFT Program

Semi-annual sampling of shallow LUFT program wells was conducted during
the first half of 2003. During the third and fourth quarters of 2003, semi-
annual sampling was postponed to accommodate the C-1 corehole pumping
test. All volatile organic and fuel hydrocarbon analytical results for
groundwater samples collected during 2003 were within historic ranges
(Tables HI and V).

2.2.1.2 Evaluation Monitoring Program/Interim Corrective Action Program

Sampling of shallow evaluation monitoring wells and interim corrective action
wells was conducted during the first and third quarters of 2003. The sampling
of five interim corrective action wells and two evaluation monitoring wells
was postponed, with DTSC concurrence, to accommodate the C-1 corehole
pumping test (DTSC, 2003). Results for each well are summarized in Table
II1. Except for the acetone detected in evaluation monitoring well HAR-03
groundwater, all analytical results were within historic ranges, suggesting
stable plumes. Reported at 25 micrograms per liter (ug/l) during the first
quarter, acetone had not been detected in previous samples collected from
HAR-03. Sampling of HAR-03 during the second half of the year was
postponed to accommodate the C-1 corehole pumping test.

2.2.1.3 Point of Compliance Program

During the second quarter 2003, shallow wells SH-04, RS-08, HAR-14, and
HAR-15 were sampled for the full suite of Appendix IX constituents (Table
XI). All analytical results for Appendix IX samples are discussed in Section
2.2.3 below.

2.2.1.4 Near-Surface Groundwater Radiochemistry Analyses

During 2003, near-surface groundwater samples were collected from select
shallow wells for the analysis of gross alpha and gross beta, tritium, gamma-
emitting radionuclides, isotopic thorium, and isotopic uranium using EPA
Methods 900.0, 906.0, 901.1, 907.0, and 908.0, respectively (Tables IX and
X). Beginning in the third quarter 2003, samples were collected for the
analysis of additional radionuclides per EPA’s drinking water regulations
(Federal Register, 2000):

L] If gross alpha activity exceeded 5 picoCuries per liter (pCi/l), Ra-226
and Ra-228 were analyzed by EPA Methods 903.1 and 904.0,
respectively;

= If gross alpha activity exceeded 15 pCi/l, uranium isotopes were
analyzed by EPA Method 908.0; and

L If gross beta activity exceeded 50 pCi/l, K-40 and Sr-90 were
analyzed by EPA Methods 901.1 and 905.0, respectively.
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Results of radiological analyses of near-surface groundwater samples collected
during 2003 were consistent with historic data (Appendix E). None of the
gross alpha, gross beta, or tritium results exceeded the drinking water
Maximum Contaminant Levels (MCLs) of 15 pCi/l, 50 pCi/l, or 20,000
pCi/l, respectively, except for the second quarter RS-18 gross alpha
concentration of 29.1 + 9.1 pCi/l (Table IX). The second quarter RS-18
sample contained uranium isotopes at the following activities: uranium-
233/234 at 20.34:1.2 pCi/l, uranium-235 at 1.05+0.12 pCi/l, and uranium-
238 at 19.3+1.1 pCi/l (Table X). Results of historic and 2003 isotopic
uranium analyses of RS-18 groundwater confirmed that naturally-occurring
uranium isotopes are present in groundwater samples collected from RS-18
(Table X, Appendix E).

Groundwater samples are routinely collected from select wells for analysis of
gamma ray spectroscopy to document the occurrence of natural gamma
emitters in groundwater, and to monitor for potential anthropogenic gamma
activity. Project specific technical specifications, including Minimum
Detectable Activities (MDAs) have been developed to insure collection of
high quality data, and to be consistent with recent EPA Drinking Water
regulations (40 CFR Parts 9, 141, and 142). Review of the gamma
spectroscopy data indicates that some data do not meet the MDA
requirements. Non-attainment of the MDA technical specifications are due,
in part, to matrix conditions and, in part, to limitations in the prescribed
analytical methods. Matrix conditions, including dissolved and suspended
solids, impact the homogeneity of the samples and limit method counting
efficiency. Additionally, prescribed analytical methods call for specified
sample volumes and counting times that further limit the ability to attain the
project MDAs. Potential corrective measures, including increasing counting
volumes from 0.5 liters (L) to 1.5 L, and increasing counting times, are being
evaluated to attain project MDAs. None of the gamma spectroscopy data
exceeded recent EPA Drinking Water MCLs, or indicated the presence of
anthropogenic gamma emitters (Table X). Groundwater sample results from
the Facility wells are compared to drinking water MCLs for discussion
purposes only. The groundwater beneath the SSFL Facility is not used for
drinking water purposes.

The radiochemistry laboratory was able to meet the contract-required
minimum detectable activity (MDA) for most radiochemical analyses. The
contract-required MDAs are equal to or less than detection limits prescribed
by CCR Title 17, Sections 64441 through 64447 for drinking water. For a
number of samples, the contract-required MDAs could not be met for the
following reasons:

= Some of the gross alpha and gross beta MDAs were greater than the
required MDA. In each case, the positive result determined for the
radioisotope exceeded both the required and obtained MDAs.
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» Some gamma-emitting radioisotopes (eg., Pb-210, Ra-226, and Th-
230) exceeded contract-required MDAs even after count times in
excess of 5200 minutes.

2.2.1.5 Other Monitoring

Perchlorate was not detected in samples collected from piezometer PZ-012
(Table VIII). PZ-012 water was sampled in December 2003. PZ-012 is not
part of the 2003 monitoring program.

All other monitoring of near-surface groundwater water quality during 2003
yielded results consistent with historical data with the exceptions noted below.

L In a sample collected on February 25™ from well RS-25, perchlorate
was reported below the PQL at an estimated concentration of 2.1 ug/l
(Table VIII). Because this well was dry or contained insufficient
water for sampling during previous quarters, perchlorate samples had
not been collected previously from well RS-25. On March 28, 2003,
MWH collected primary, duplicate, and split perchlorate samples
from RS-25. Perchlorate was only detected in the split sample at a
concentration of 1.546 ug/l. Duplicate and split perchlorate samples
collected during the second quarter from well RS-25 did not contain
perchlorate above the method detection limit.

u In a sample collected from well RS-19 during the second quarter,
perchlorate was reported below the PQL at an estimated concentration
of 2.3 ug/l (Table VIII). Perchlorate had not been detected in samples
previously collected from this well. RS-19 was dry when monitored in
subsequent quarters. Duplicate and split perchlorate samples will be
collected from RS-19 during the first quarter 2004 if sufficient water
is present in the well for sampling.

The Boeing Company has committed significant resources to resolving the
issue of false-positive detection of perchlorate using EPA Method 314.0.
Future verification procedures for perchlorate will include enhanced
verification procedures including spiking of samples and reanalysis of samples
using LC/MS/MS methods. These verification procedures are presented in
the QAPP for the Perchlorate Characterization Work Plan (MWH, 2003d).

2.2.2 Chatsworth Formation

Chatsworth Formation groundwater samples were collected from 119 Facility wells
and 13 private off-site wells and springs as part of the groundwater monitoring
program in 2003. Detection monitoring wells and background wells were sampled
quarterly. For the Evaluation Monitoring Program, Chatsworth Formation evaluation
monitoring wells and interim corrective action wells were sampled during the first and
third quarters of 2003. Three Chatsworth Formation wells serving as point of
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compliance wells were sampled for Appendix IX parameters in 2003. As part of the
northeast Area I and Area II CFOU groundwater investigation, selected Chatsworth
Formation wells were sampled quarterly for constituents of concern. Select seeps and
springs were also sampled as part of the groundwater monitoring program.

Analytical results of Chatsworth Formation groundwater samples collected during
2003 are summarized in Tables IV through XIII. Overall, results were consistent
with historic results (GWRC, 2000; Haley & Aldrich, Inc., 2001, 2002a, 2002b,
2003a, 2003b). Deviations from historic water quality results for analytes reported
above the PQLs are discussed below.

Note: During the year, several samples were collected from multi-level FLUTes
installed in Chatsworth Formation wells. Many of the discrete interval samples
collected at the wells contained VOCs that were not consistent with groundwater
samples collected from these wells according to standard procedures described in the
Sampling and Analysis Plan. Benzene and related compounds present in samples
collected from FLUTe ports are likely contaminants from FLUTe system components.
These low level concentrations of toluene and benzene have been observed by
investigators using FLUTe systems at other sites and are attributed to equipment
components (Keller, personal communication, 2003).

2.22.1 LUFT Program

Semi-annual sampling of Chatsworth Formation wells monitored under the
LUFT program occurred during the first quarter 2003. During the third and
fourth quarters of 2003, semi-annual sampling was postponed to accommodate
the C-1 corehole pumping test. Volatile organic and fuel hydrocarbon samples
were collected from all LUFT Program wells that contained sufficient
groundwater for sampling. All volatile organic and fuel hydrocarbon
analytical results were within historic ranges (Tables IV and V), with the
following exceptions:

u Acetone was detected in the split sample collected from well RD-37
during the first quarter 2003. The result is discussed in Section
2.2.2.2 below.

2.2.2.2 Detection Monitoring Program

Chatsworth Formation detection monitoring and background wells were
sampled quarterly during 2003 (Tables IV through XII). Sampling at a
number of detection monitoring wells during the third and fourth quarters was
postponed to accommodate the C-1 corehole pumping test. No VOCs were
reported above the PQLs in water samples collected from detection
monitoring and background wells with the following exceptions:

11
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= Toluene was detected at concentrations of 1.77 ug/l and 1.3 ug/l in
the primary and split samples collected from background well RD-13
during the fourth quarter 2003 (Table IV).

= TCE concentrations in samples collected from background well RD-
13 ranged from 1.4 ug/l in the first quarter 2003 to not detected above
the method detection limit of 0.26 ug/l in the second quarter (Table
IV). During the fourth quarter of 2000, TCE had been reported at
400 ug/l and was attributed to field contamination from a temporary
pump that was not properly decontaminated prior to installation at
RD-13 (Haley & Aldrich, 2002a).

= The first quarter split sample collected from well RD-37 contained 28
ug/1 of acetone (Table 1V). This compound was not detected above the
PQL in either the first quarter primary and duplicate samples or in the
second quarter sample. Third and fourth quarter sampling at RD-37
was postponed to accommodate the C-1 corehole pumping test.

n Acetone was reported above the PQL in the second quarter sample
collected from background well RD-48B at a concentration of 11 ug/l
(Table IV). Acetone was not detected above the PQL in any other
samples collected from RD-48B during 2003.

" The third quarter sample collected from detection monitoring well
RD-61 contained benzene at a concentration of 0.68 ug/1 (Table IV).
This contaminant was not detected above the PQL in verification
samples collected during the fourth quarter 2003.

Prior to FLUTe installation, a groundwater sample collected from detection
monitoring well RD-39A in April 2001 contained TCE at a concentration of
0.5 ug/l. Verification sampling has been scheduled at well RD-39A since that
time, but the well has not contained sufficient water for sampling. During the
third and fourth quarters 2003, monitoring at RD-39A was postponed to
accommodate the C-1 corehole pumping test.

Per the Post-Closure Permits, verification sampling will be conducted at wells
RD-13 during the first quarter 2004 and at RD-39A following the completion
of the C-1 pumping test to determine if VOCs are present in groundwater at
these detection monitoring wells.

2.2.2.3 Evaluation Monitoring Program/Interim Corrective Action Program

Sampling of Chatsworth Formation evaluation monitoring wells and interim
corrective action wells was conducted during the first and third quarters of
2003. Results for each well are summarized in Tables IV through XII. All
analytical results were within historic ranges (GWRC, 2000; Haley &
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Aldrich, Inc., 2001, 2002a, 2002b, 2003a, 2003b) with the following
exceptions:

Concentrations of acetone, cis-1,2-dichloroethene (cis-1,2-DCE),
trichloroethene (TCE), and vinyl chloride in groundwater samples
collected from evaluation monitoring well RD-55A during 2003
decreased from the high concentrations observed in the fourth quarter
2002 samples.

During the first quarter 2003, acetone was reported in groundwater
collected at evaluation monitoring well RD-55B at a concentration of
13 ug/l (Table IV). Acetone was detected once before in RD-55B
groundwater in February 1996 at a concentration of 11 ug/l. Acetone
was not detected in samples collected from RD-55B during the second
or third quarters.

Acetone was reported at a concentration of 12 ug/] in the first quarter
2003 groundwater sample collected from interim corrective action
well RD-09 (Table IV). Acetone was last reported in this well in 1986
at a concentration of 95 ug/l. Samples could not be collected during
subsequent monitoring events due to CFOU investigation activities.

Groundwater collected from interim corrective action well WS-09A
contained 39 ug/l of acetone during the first quarter 2003 (Table IV).
Acetone was detected only once before in WS-09A groundwater in
1995 but was identified as a laboratory contaminant. Acetone was not
detected in second, third, and fourth quarter 2003 samples collected
from WS-09A.

During 2003, cis-1,2-DCE and TCE increased in samples collected
from interim corrective action well WS-09A (Table IV). Maximum
cis-1,2-DCE and TCE concentrations of 1,100 ug/l and 2,000 ug/I,
respectively, exceeded previous maximums of 240 ug/I cis-1,2-DCE
and 1400 ug/1 TCE in August 1993.

During 2003, perchlorate was detected in groundwater collected from
well RD-10 (Table VIII). During the first and second quarters,
composite samples were collected from RD-10 FLUTe ports 3, 6, and
9 located at depth intervals of approximately 211 to 221 feet, 271 to
281 feet, and 331 to 341 feet, respectively. The composite sample
concentrations ranged up to 220 ug/l. These perchlorate results are
consistent with composite RD-10 FLUTe samples analyzed during
2002 (Haley & Aldrich, 2003a). The California drinking water action
level for perchlorate is 4 ug/I.

13



2.2.2.4 Constituents of Concern Analyses

Per the Post-Closure Permits, Chatsworth Formation detection monitoring
wells and background wells were originally sampled and analyzed for all
constituents of concern in 1996. Background wells were sampled and analyzed
again for constituents of concern in 1999. During 2000, all detection
monitoring wells, background wells, and evaluation monitoring wells were
sampled for constituents of concern (Haley & Aldrich, Inc., 2001a). As part
of the on-going Chatsworth Formation Operable Unit (CFOU) Investigation,
quarterly sampling for constituents of concern was conducted during 2003 at
five Area I wells (RD-01, RD-02, RD-10, RD-44, and WS-05) and seven
Area II wells (HAR-20, RD-04, RD-49A, RD-49B, RD-49C, WS-06, and
WS-09) (Table XII). Well HAR-20 was dry when monitored during the year.
During the third and fourth quarters 2003, constituents of concern sampling at
wells RD-01, RD-10, and WS-05 was postponed to accommodate the C-1
corehole pumping test. Constituents of concern samples were also collected
from former water supply wells WS-12 and WS-13 during the year.

Ammonia was detected in groundwater samples from wells RD-10, RD-49C,
WS-05, and WS-06 at concentrations ranging up to 0.13 mg/l in a sample
collected from well RD-10. Fluoride concentrations in groundwater collected
from the 13 sampled wells were below the federal drinking water primary
MCL of 2.0 mg/l. In samples in which nitrate was reported above the method
detection limit (MDL), the concentrations were below the federal drinking
water primary MCL of 10 mg/1 for nitrate-nitrite as nitrogen. Where
detected, formaldehyde did not exceed the California drinking water action
level of 100 ug/I (Table XII).

NDMA was reported above the PQL in groundwater samples from wells RD-
02, RD-04, RD-49A, RD-49B RD-49C, and WS-09. NDMA had been
detected previously in each of these wells. Three wells contained NDMA in
concentrations exceeding the California drinking water action level of 0.01
ug/l: RD-04, RD-49B, and RD-49C. Maximum NDMA concentrations
reported in groundwater from these wells were 0.038 ug/l in RD-04, 0.066
ug/l in RD-49B, and 0.014 ug/l in RD-49C.

VOC concentrations were within historic ranges with the following
exceptions:

u Trichlorotrifluoroethane (Freon 113) was reported for the first time in
groundwater collected from well RD-49C during the first quarter at a
concentration of 5 ug/l. Subsequent samples collected from this well
during 2003 did not contain trichlorotrifluoroethane.

n Increased VOC concentrations observed in samples collected from
wells RD-01, RD-02, and WS-09, as summarized below, may be
concentration rebound effects that occurred following the inactivation

HALEY &
ALDRICH

14



HAIEY &

of these extraction wells during CFOU groundwater investigations.
Wells RD-01 and RD-02 were inactivated during 2000, while well
WS-09 was inactivated during 2002.

Maximum Concentration (ug/l)

Well Compound

2000 2001 2002 2003
RD-01 Cis-1,2-DCE 150 340 900 690
TCE 220 610 1,200 970
RD-02 Cis-1,2-DCE 140 700 580 450
TCE 120 700 470 290
WS-09 Cis-1,2-DCE 4.7 3.6 540 430
TCE 61 46 7,500 7,600

Water levels in all three wells increased through early November
2003.

L] During 2003, 1,4-dioxane was reported at least once in groundwater
samples collected from wells RD-01, RD-02, RD-04, RD-10, RD-
49A, RD-49B, RD-49C, WS-05, WS-06, and WS-09. 1,4-Dioxane
results exceeded the California drinking water action level of 3 ug/l in
the second quarter sample collected from well WS-09 at a
concentration of 3.71 ug/l. Previous samples collected from WS-09
contained 1,4-dioxane at concentrations ranging up to 2.1 ug/l (Haley
& Aldrich, 2003a). Samples were not collected from WS-09 during
the third and fourth quarters because the pumping equipment was
removed from the well to accommodate the CFOU investigation. WS-
09 will next be monitored for 1,4-dioxane during the first quarter
2004.

2.2.2.5 Monitoring of Perimeter Wells and Private Off-Site Wells and Springs

Perimeter wells near the site boundary were sampled quarterly during 2003
(Tables IV through XIII). Private off-site well OS-28 was sampled for the
first time during 2003. This domestic supply well replaced well OS-17 which
had become inoperational. Analyses performed on the OS-28 samples
included VOCs, low-level 1,4-dioxane, semi-volatile organic compounds
(SVOCs), low-level NDMA, inorganics, trace metals, and perchlorate (Tables
1V, VI, VII, VIII, XII, and XIII). Additional sampling occurred at private
off-site wells and springs over the year. Several perimeter and private off-site
wells were monitored for perchlorate and inorganic constituents as part of the
Perchlorate Characterization Work Plan (MWH, 2003d). Off-site well OS-09
(Bathtub Well No. 1) was sampled weekly during the third and fourth quarters
for perchlorate and inorganics and monthly for stable isotopes. Results for
0OS-09 and wells in the Perchlorate Characterization Work Plan are discussed
in Section 2.2.4.

Perchlorate was not detected in perimeter or off-site wells during 2003
monitoring (Table VIII). Analytical results indicated that VOCs were not
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detected above the PQLs in groundwater samples collected from perimeter
wells and private off-site wells and springs with the following exceptions:

L Discrete depth interval samples were collected from multi-level
FLUTes installed in perimeter wells RD-22, RD-50, and RD-57.
Low levels of VOCs (including acetone, benzene, chlorobenzene, and
toluene) were reported in several FLUTe samples (Table IV). Many
of these compounds were detected in FLUTe samples collected in
previous years (Haley & Aldrich, 2002a, 2003a, 2003b). These
compounds have not appeared in groundwater samples collected from
these wells using standard procedures described in the Sampling and
Analysis Plan. These low level concentrations of toluene and benzene
have been observed by investigators using FLUTe systems at other
sites and are attributed to equipment components (Keller, personal -
communication, 2003).

Results of trace metals and cyanide samples collected during 2003 from
perimeter wells were within historic ranges with the following exceptions
(Table VI):

= Arsenic results for samples collected from the FLUTe system installed
in perimeter well RD-22, located near the FSDF, were high compared
to samples collected prior to FLUTe installation. Collected from
FLUTe port 2 at a depth interval of approximately 330 to 430 feet,
the second quarter sample contained 35 ug/l of arsenic - less than the
first quarter result of 320 ug/l and less than the 50 ug/l drinking water
MCL. Prior to 2003, arsenic had been detected at RD-22 once in
2001 at a concentration of 0.69 ug/l in groundwater collected
following the standard procedures described in the Sampling and
Analysis Plan.

Although manganese results for samples collected from the FLUTe system
installed in perimeter well RD-57 exceeded the secondary MCL, the results
were comparable to historic groundwater samples. The manganese result for
the sample collected from private off-site well OS-28 also exceeded the
secondary MCL of 50 ug/l. Manganese is a naturally occurring metal that is
commonly present in groundwater in excess of the secondary MCL.

Inorganic results (Table XIII) from wells not included in the Perchlorate
Characterization Work Plan did not exceed drinking water MCLs with the
following exceptions:

u Total dissolved solids (TDS) results from OS-28 samples exceeded the
secondary MCL of 500 ug/l, ranging from 770 to 790 ug/l.
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u Specific conductance measurements equaled or exceeded the 900
micromhos per centimeter (umhos/cm) secondary MCL in both OS-28
samples (1,200 umho/cm each).

SVOCs were not detected in 2003 samples collected from well OS-28 (Table
VII) except for a low concentration of bis(2-ethylhexyl) phthalate which was
attributed to laboratory contamination. ‘

NDMA samples were collected from well OS-28 in August, September, and
December 2003 (Table XII). Although Del Mar reported a concentration of
0.012 ug/l in the August primary sample, the result was rejected because
instrument calibration procedures did not meet the criterion established by the
method for the analysis of samples. Del Mar Analytical did not detect NDMA
in the duplicate August sample. Weck Laboratories analyzed the same sample
extracts and determined that NDMA was detected in one of the two August
samples at an estimated value of 0.0019 ug/l. This sample was originally
reported as a non-detect at the reporting limit of 0.002 ug/l.

NDMA samples collected from OS-28 in September 2003 were analyzed by
Weck Laboratories. Of the three September samples analyzed, NDMA was
identified in one sample at 0.006 ug/l, but the result was biased high due to
low recovery of the internal standard. This result was flagged as estimated in
this report. In the second September sample, the reported result was rejected
due a laboratory spike deficiency. The third September sample result was
flagged as non-detected because the reported sample concentration was less
than five times the NDMA concentration reported in the method blank.

0S-28 samples collected during December 2003 were analyzed for NDMA by
Weck Laboratories and Pacific Analytical. Pacific Analytical reported
NDMA at 0.002 ug/1 and 0.0036 ug/l in the primary and duplicate samples,
respectively. Weck Laboratories reported a concentration of 0.0047 ug/l in
the split sample.

All NDMA results reported for OS-28 samples were below the California
drinking water action level of 0.01 ug/L.

Due to the difficulty of attaining precision and accuracy at the part per trillion
level, analytical procedures for modified method 1625 are under review and

- additional sampling is planned once an augmented QA/QC plan is in place.

2.2.2.6 Point of Compliance Program

During 2003, Chatsworth Formation point of compliance wells HAR-07,
HAR-16, and HAR-17 were monitored for Appendix IX constituents (Table
XI). Insufficient water conditions precluded the collection of a full suite of
Appendix IX constituents at well HAR-16. Composite samples were prepared
for the analysis of VOCs, 1,4-dioxane, and semi-volatile organic samples
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collected from discrete depth interval ports 7 through 12 of the FLUTe
installed in well HAR-16. All analytical results for Appendix IX samples are
discussed in Section 2.2.3 below.

2.2.2.7 Chatsworth Formation Radiochemistry Analyses

During 2003, Chatsworth Formation groundwater samples were collected
from select wells for the analysis of gross alpha and gross beta, tritium,
gamma-emitting radionuclides, isotopic thorium, and isotopic uranium using
EPA Methods 900.0, 906.0, 901.1, 907.0, and 908.0, respectively (Tables IX
and X). Beginning in the third quarter 2003, samples were collected for the
analysis of additional radionuclides per EPA’s drinking water regulations:

" If gross alpha activity exceeded 5 picoCuries per liter (pCi/l), Ra-226
and Ra-228 were analyzed by EPA Methods 903.1 and 904.0,
respectively;

. If gross alpha activity exceeded 15 pCi/l, uranium isotopes were
analyzed by EPA Method 908.0; and

= If gross beta activity exceeded 50 pCi/l, K-40 and Sr-90 were
analyzed by EPA Methods 901.1 and 905.0, respectively.

Results of radiological analyses of Chatsworth Formation groundwater
samples collected during 2003 were generally consistent with historic data
(Appendix E), with the following exceptions and notation.

Groundwater samples from two wells (RD-29 and RD-34A) exceeded the
gross alpha drinking water MCL of 15 pCi/l (Table IX). The sum of radium-
226 and radium-228 activities for samples from wells RD-07, RD-24, RD-25,
RD-28, and RD-30 was below the drinking water MCL of 5 pCi/l for Ra-
226/228 combined (Table IX). Review of historic gross alpha results indicate
that gross alpha activity from wells RD-29 and RD-34A periodically exceed
the MCL. Results of historic isotopic uranium analyses for wells RD-29 and
RD-34A and isotopic uranium analyses conducted in 2003 (Table X) confirm
that naturally-occurring uranium and thorium isotopes are present in
groundwater samples collected from these and other wells located at the SSFL
Facility. The results of specific radioisotopes indicate that the slightly
elevated concentrations of gross alpha activity observed in groundwater
samples can be attributed primarily to components of the naturally occurring
uranium-238 decay series.

None of the gross beta results exceeded the drinking water MCL of 50 pCi/l.
None of the tritium results exceeded the drinking water MCL of 20,000 pCi/l
(Table IX) and all values were consistent with historical results (Appendix E).
Results of 2003 isotopic analyses indicate that naturally-occurring uranium
isotopes are present in groundwater samples collected from the SSFL Facility
(Table X).

HALEY &
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Split samples were collected from wells RD-24, RD-27, RD-33C, and RD-
59A for the analysis of gross alpha, gross beta, radium isotopes, tritium, and
gamma-emitting radionuclides. Split sample results analyzed by Severn Trent
Laboratories of Richland, Washington were consistent with results analyzed
by primary laboratory Eberline Services of Richmond, California (Tables IX
and X),

The radiochemistry laboratory was able to meet the contract-required
minimum detectable activity (MDA) for most radiochemicals. The contract-
required MDAs are equal to or less than detection limits prescribed by CCR
Title 22 for drinking water. See Section 2.2.1.4 for a detailed discussion of
MDAs and MCLs. For a number of samples, the contract-required MDAs
could not be met for the following reasons:

n Some of the gross alpha, gross beta, and isotopic uranium MDAs
were greater than the required MDA. In all cases, the positive result
determined for the radioisotope exceeded both the required and
obtained MDAs.

" Some gamma-emitting radioisotopes exceeded contract-required
MDA even after count times in excess of 4200 minutes.
L] Interference from the Th-229 analytical tracer prevented the

laboratory from reaching the required MDA for Th-230 in first
quarter samples from wells RD-07, RS-28, and RD-54A.

. Isotopic thorium MDAs exceeded contract-required MDAS in the
second quarter sample collected from well RD-34A.

2.2.2.8 Monitoring of Other Facility Wells

Several Facility wells that are not monitored as part of the LUFT program;
the interim corrective action, evaluation monitoring, detection monitoring or
point of compliance programs; or that are not perimeter wells, were sampled
during 2003 (Tables IV through XI). Semi-annual groundwater samples were
collected during 2003 from FSDF-area, Radioactive Materials Handling
Facility (RMHF)-area wells, Building 59-area wells, and other Facility wells.
VOC, trace metal, perchlorate, and radiochemical results for these samples
were within historic ranges (GWRC, 2000; Haley & Aldrich, 2001, 2002a,
2002b, 2003a, 2003b) with the following exceptions:

u Discrete depth interval samples were collected from multi-level
FLUTes installed in wells RD-07, RD-21, RD-23, RD-31, RD-33A,
RD-54A, RD-64, and RD-65 (Table IV). Low levels of VOCs
(including benzene and toluene) were reported in the FLUTe samples.
Many of these compounds were detected in FLUTe samples collected
previously (Haley & Aldrich, 2002a, 2003a, 2003b). These
compounds have not appeared in groundwater samples collected from
these wells using standard procedures described in the Sampling and
Analysis Plan. These low level concentrations of toluene and benzene
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have been observed by investigators using FLUTe systems at other
sites and are attributed to equipment components (Keller, personal
communication, 2003).

In the third and fourth quarter samples collected from port 2 of the
FLUTe installed in FSDF-area well RD-21, cis-1,2-DCE was
reported at a maximum concentration of 190 ug/l (Table IV). In
samples collected prior to FLUTe installation, the maximum cis-1,2-
DCE concentration reported was 21 ug/l in a 1990 sample. The 2003
RD-21 samples were collected from FLUTe port 2 at a depth interval
of approximately 105 to 115 feet. The RD-21 FLUTe will next be
sampled following completion of the corehole C-8 pumping test.

Chloroethane and 1,2-dichloroethane were reported at concentrations
of 1.2 ug/l and 0.57 ug/l, respectively, in the first quarter
groundwater sample from well RD-54B (Table 1V). These compounds
were not detected previously in RD-54B groundwater, and were not
detected in subsequent samples collected during 2003.

TCE was reported at an estimated concentration of 0.5 ug/l in the
third quarter sample collected from well RD-54C (Table IV). This
result appeared to be a carry-over contaminant introduced from the
third quarter RD-23 sample analyzed immediately prior to RD-54C.

During 2003, arsenic was detected for the first time in RD-23
groundwater at a maximum concentration of 25 ug/l and increased in
RD-54A groundwater from the previous maximum concentration of
3.1 ug/l to a maximum concentration of 43 ug/l (Table VI). The RD-
23 samples were collected from FLUTe port 1 at a depth interval of
approximately 231 to 241 feet. The RD-54A samples were collected
from FLUTe port 2 at a depth interval of approximately 170.5 to
180.5 feet. All results are below the federal primary drinking water
MCL of 50 ug/l.

2003 samples collected from well RD-15, RMHF-area well RD-34A,
and FSDF-area wells RD-23, RD-54A, RD-54B, and RD-54C
contained iron and/or manganese at concentrations exceeding
secondary drinking water MCLs (Table VI). For each of the FSDF-
area wells, the reported concentrations were within historical ranges
for groundwater at these wells. Iron concentrations in 2003 samples
from wells RD-15 and RD-34A were one order of magnitude larger
than previous samples. Iron and manganese are naturally occurring
metals that are commonly present in groundwater in excess of the 300
ug/l and 50 ug/l secondary drinking water MCLs, respectively.

Extensive sampling for perchlorate in groundwater has been conducted since
1997. Extensive activities related to characterization of perchlorate in soil
and water at SSFL were conducted at SSFL in 2003. Characterization and

20



ALDRICH

remediation activities were conducted in Happy Valley in Area I, and
investigation of potential off-site migration of perchlorate was conducted in
drainages north and east of the facility (MWH, 2003a, 2003b, 2003d).

Only the results of perchlorate sampling conducted as part of the quarterly
groundwater monitoring program, and results of the on-going sampling of
well 0S-09, are reported herein. Findings related to the comprehensive
perchlorate source area investigation are reported in the reference cited above.
Sampling of well OS-09 is discussed in Section 2.2.4.

Perchlorate samples were collected from several Chatsworth Formation wells
during 2003 (Table VIII). Perchlorate was not detected in samples collected
from private off-site wells. Samples from four Facility wells contained
perchlorate at concentrations ranging from 3.7 ug/l to 220 ug/l. The
California action level for perchlorate is 4 ug/l. The 2003 perchlorate results
were consistent with historical results, with the following exception:

L] Perchlorate was detected below the PQL in discrete depth interval
samples collected from the multi-level FLUTe installed in well RD-31
(Table VIII). Estimated perchlorate concentrations were 3.7 ug/l in
the sample collected from port 5 at an approximate depth interval of
128 to 138 feet, not detected above the 0.8 ug/l MDL in the sample
collected from port 6 at an approximate depth interval of 148 to 158
feet, and 3.8 ug/l in the sample collected from port 7 at an
approximate depth interval of 168 to 178 feet. Perchlorate has not
been detected in previous groundwater samples collected from RD-31
using standard procedures described in the Sampling and Analysis
Plan. RD-31 will next be sampled for perchlorate in the second
quarter 2004.

2.2.3 Appendix IX Sampling

During 2003, the seven point of compliance wells (shallow wells SH-04, RS-08,
HAR-14, and HAR-15; and Chatsworth Formation wells HAR-07, HAR-16, and
HAR-17) were sampled for Appendix IX constituents. Insufficient water conditions
precluded the collection of a full suite of Appendix IX constituents at well HAR-16.

2.2.3.1 Data Validation

Results of the second quarter 2003 analyses were subjected to a data
validation process in accordance with guidance from the United States
Environmental Protection Agency (USEPA) "National Functional Guidelines
for Organic Data Review" (EPA540/R-99/008, October 1999), "National
Functional Guidelines for Inorganic Data Review" (EPA540/R-01/008, July
2002), and the EPA Method specific protocol criteria, where applicable. A
summary of the data validation process is included in Appendix H.
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2.2.3.2 Analytical Results

Groundwater samples were collected from seven Facility wells as part of the
Appendix IX groundwater monitoring program in 2003. Results for each well
are summarized in Table XI and on Figures 21 and 22.

All Appendix IX analytical results for point of compliance wells were within
historic ranges with the following exceptions:

. Antimony and sulfide were detected at 6.1 ug/l and 0.15 mg/1,
respectively, in the Sample collected from shallow well HAR-15.
Although antimony has been detected in previous samples from HAR-
15 in concentrations ranging up to 3.9 ug/l, the 6.1 ug/I result
exceeds the primary drinking water MCL of 6 ug/l. Sulfide has not
been detected in previous samples collected from HAR-15. An MCL
does not exist for sulfide. Under the current groundwater monitoring
program, HAR-15 will next be sampled for inorganics during the
second quarter 2004.

u Mercury was detected below the PQL, but above the MDL, at an
estimated concentration of 0.000069 mg/1 in the sample collected
from shallow well SH-04. Mercury has not been detected in previous
samples collected from this well. The primary drinking water MCL
for mercury is 0.002 mg/l. Under the current groundwater monitoring
program, SH-04 will next be sampled for mercury during the second
quarter 2004.

n 1,4-Dioxane was detected for the first time at concentrations of 29
ug/l and 5.44 ug/1 in samples collected from shallow well SH-04 and
Chatsworth Formation well HAR-17, respectively. Detected once in
2001, 1,4-dioxane was reported at 43 ug/l in the composite sample
collected from the FLUTe system installed in Chatsworth Formation
well HAR-16. The California action level for 1,4-dioxane is 3 ug/I.
Under the current groundwater monitoring program, these wells will
next be sampled for 1,4-dioxane during the second quarter 2004.

. 1,2,3-Trichloropropane was detected between the PQL and MDL at
an estimated concentration of 0.0094 ug/1 in the sample collected from
shallow well SH-04. This analyte had not been detected previously in
SH-04 groundwater samples. The California action level for 1,2,3-
trichloropropane is 0.005 ug/l. Verification samples to determine if
1,2,3-trichloropropane is present in groundwater at SH-04 were
scheduled for subsequent monitoring events in 2003, but the well was
dry when monitored. Verification samples will be scheduled for
collection during the first quarter 2004.
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L NDMA was detected in shallow wells HAR-14, RS-08, and SH-04
and Chatsworth Formation wells HAR-07, HAR-16, and HAR-17 at
concentrations ranging from 22 nanograms per liter (ng/1) to 18,000
ng/l. NDMA had been detected previously in groundwater samples
collected from each of these wells. The California action level for
NDMA is 10 ng/l.

Appendix IX compounds detected above the PQLs in point of compliance
wells during the second quarter 2003 were already listed as constituents of
concern; no new compounds were detected above the PQLs. 1,2,3-
Trichloropropane was detected below the PQL, but above the primary
drinking water MCL. Verification samples will be collected during the first
quarter 2004 to determine if 1,2,3-trichloropropane is present in SH-04
groundwater. Per the Post-Closure Permits, the point of compliance wells are
monitored annually for Appendix IX constituents and will next be sampled
during the second quarter 2004.

2.2.4 Perchlorate Characterization Sampling

Weekly sampling of groundwater from well OS-09 was conducted during 2003
beginning July 2. Water samples were submitted each week for the analysis of
perchlorate using EPA method 314.0 (Table VIII). Water samples were also
submitted weekly for the analysis of general mineral constituents. General mineral
constituents included major anions (carbonate, bicarbonate, chloride, and sulfate),
major cations (calcium, magnesium, sodium, and potassium), nitrate, electrical
conductivity, total dissolved solids, and pH (Table XIII). Water samples collected on
July 2, July 17, August 28, September 25, November 6, and December 4 were
submitted for analysis of the stable isotopes deuterium and oxygen-18 (Table XII).

0S-09 groundwater samples collected for perchlorate and for the general mineral
constituents were submitted to Del Mar Analytical. Water samples for analysis of
perchlorate were also submitted to Ceimic Corporation, and on July 31, to American
Analytics. Samples collected for deuterium and oxygen-18 were submitted to the
University of Ottawa, G.G. Hatch Isotope Laboratories.

Beginning in the fourth quarter 2003, perchlorate and inorganic samples were
collected from select wells as described in the Perchlorate Characterization Work Plan
(MWH, 2003c). Wells scheduled and sampled for perchlorate characterization during
the fourth quarter 2003 are listed below.
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Perchlorate Characterization Sampling, Fourth Quarter 2003

Wells Sampled RD-51B, RD-51C, RD-52B, RD-52C, RD-594, RD-
59B, RD-59C, RD-68A, RD-68B, WS-04A, WS-09B,
0S-02, 0S-03, 0S-04, 0S-05, spring 0S-08, 0S-09,
0s-10, 0S-21, OS-26

Wells Not Sampled due to RD-32, RD-36A, RD-36B, RD-36C, RD-36D, RD-

C-1 Corehole Pumping Test 37, RD-38A, RD-38B, RD-39A, RD-39B, RD-43A,
RD-43B, RD-43C, RD-45A, RD-45B, RD-45C, RD-
66, RD-71, spring 0S-13, 0S-15, 0S-16, 0S-24, OS-

27
Wells Not Sampled RD-51A, RD-52A, 08-25
due to Lack of Groundwater
Wells Not Sampled RD-70 (pump removed for CFOU investigation)
for Other Reasons Spring OS-12 (sample point not accessible)

0S-17 (inoperable)

Inorganic results (Table XIII) did not exceed drinking water MCLs with following
exceptions:

n The pH of the RD-68A sample and several OS-09 samples slightly exceeded
the upper secondary MCL of 8.5. The RD-68A sample had a pH of 8.72. The
maximum pH measured in OS-09 samples was 8.7.

u Total dissolved solids (TDS) results from all samples exceeded the secondary
MCL of 500 ug/1 except in samples collected from wells RD-59B, RD-68A,
RD-68B, and OS-10. TDS values ranged from 410 to 810 ug/l.

L Specific conductance measurements equaled or exceeded the 900 micromhos
per centimeter (umhos/cm) secondary MCL in two of the twenty-three OS-09
samples (both at 900 umhos/cm). Samples collected from wells RD-51B, RD-
51C, RD-52B, RD-52C, RD-59A, WS-04A, WS-09B, 0S-04, 0S-05, 0S-21,
08S-26, and OS-28 and spring OS-08 also exceeded the specific conductance
secondary MCL.

Perchlorate was not detected in any of the groundwater samples collected by Boeing
from well OS-09 or the other Perchlorate Characterization Work Plan wells (Table
VIII). Concentrations of perchlorate have been reported in samples collected by
DTSC and Ventura County, but are not reported herein (MWH, 2003d). Results of
analyses for the general mineral constituents in groundwater samples collected from
well 0S-09 indicate the groundwater is sodium-bicarbonate type water (Table XIII).
Sodium is the predominant cation in solution and bicarbonate is the predominant
anion. Results of analyses for the groundwater samples indicate that the ratio of
deuterium to hydrogen expressed as deviation from Vienna Standard Mean Ocean
Water (V-SMOW) ranged from -51.0 to -53.8 parts per thousand (per mil) and that
the ratio of oxygen-18 to oxygen-16 expressed as deviation from V-SMOW ranged
from -7.17 to -7.52 per mil (Table XIII). These data suggest that groundwater
collected from OS-09 is not near-surface groundwater or a surface water source.
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2.2.5 Results of Fourth Quarter 2003 Verification Sampling

During the fourth quarter 2003, verification samples were collected from detection
monitoring wells RD-05B and RD-61, and perimeter well RD-56B. Detection
monitoring well RD-39A contained inadequate water for verification sampling during
the year; this well will be re-scheduled for the first quarter 2004. Verification samples
scheduled from point of compliance well SH-04 for the analysis of 1,2,3-
trichloropropane were not collected due to insufficient water volume in the well.
Verification procedures include collecting primary and duplicate samples, a split
sample, and a field blank at each well. Results for the target wells and analytes are
summarized in the following table.

Fourth Quarter 2003 Verification Results

Concentration (ug/D

. Monitoring -

Well Constituent(s) Program Primary  Duplicate  Split g;:\]:k
SH-04 1,2,3- Point of Dry

Trichloro- Compliance

propane
RD-05B  Methylene Detection 0.48U 048U 3U 1.6]1,L

chioride
RD-39A TCE Detection Dry
RD-56B  TCE Perimeter 0.35] 0.36J 02U 0.26 U
RD-61 Benzene Detection 0.28U 0.28U 0.1U 0.28 U

U = not detected L = laboratory contaminant

J= estimated value; analyte detected between method detection limit and reporting limit
2.2.6 Proposed 2004 Groundwater Monitoring Schedule

Appendix B, Table B-III presents the proposed 2004 groundwater monitoring schedule
which complies with monitoring requirements specified in the Post-Closure Permits.
The 2003 results indicated that verification sampling be conducted during the first
quarter of 2004 to determine if VOCs are present in groundwater at detection
monitoring wells RD-13, RD-37, and RD-39A and if 1,2,3-trichloropropane is
present in SH-04 groundwater.

The proposed 2004 sampling schedule reflects on-going groundwater monitoring
programs as established under the current Facility Post-Closure Permits, Permit
Modification, LUFT programs, and voluntary monitoring activities. Boeing is
presently working with DTSC on comprehensive review of the Post-Closure Permits.
It is anticipated that portions of the Regulated Unit Monitoring Programs, including
the Detection Monitoring Program, Evaluation Monitoring Program, Interim
Corrective Measures, and Appendix IX, will differ from the schedule presented in
Table B-III once permit modifications are implemented.
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3. REMEDIAL SYSTEMS

3.1 Remedial Systems Activities

Remedial systems in operation at the Facility during the 2003 calendar year included two
permitted air-stripping units located at Delta and STL-IV and one permitted UV/hydrogen
peroxide system at the WS-5 area. The Area I Road and Canyon air-stripping units, and the
RD-9 UV/hydrogen peroxide system have been placed on “stand-by” status as part of a Post-
Closure Permit modification granted by DTSC, in 2001 (DTSC, 2001). The Alfa air-
stripping unit was turned off in March 2001 and the Bravo air-stripping unit was turned off in
May 2002, as part of the Chatsworth Formation Operable Unit (CFOU) investigation by
Montgomery Watson (2000b; Ogden, 2000). The STL-1V air-stripping unit was turned off in
March 2003. The WS-5 Area UV/hydrogen peroxide system had been off since late 2000, but
was restarted in August 2003 to treat water pumped from the C-1 corehole as part of a long-
term pumping test conducted by MWH. DTSC granted temporary authorization to use the
WS-5 system to treat C-1 effluent (DTSC, 2003). Pumping at the C-1 corehole ended on 23
January 2004. Data obtained during the pumping test and recovery period will be presented in
a report at a later date by MWH (Boeing, 2003).

Of the 20 shallow and 12 Chatsworth Formation extraction wells at the Facility, only two of
the Chatsworth Formation wells (WS-09A and HAR-17) were in operation during 2003. All
shallow extraction wells were inactive including wells along Area I Road, Area II Road, near
APTF, in STL-IV, and at ECL in support of the Near-Surface Groundwater Investigation
(Ogden, 2000). The remediation systems and their associated extraction wells are listed in
Tables XIV and XV. Monthly and cumulative extraction volume and VOC mass removal at
each permitted system are presented in Appendix G, Figures G-1 to G-8.

Additionally, there are three interim extraction/remediation systems located in Area IV at
RMHEF, FSDF, and B/059. These systems treat pumped groundwater with granular activated
carbon prior to discharge. The FSDF system also uses ion exchange resin in series to treat
perchlorate-impacted groundwater prior to discharge. There are five Chatsworth Formation
wells, one shallow well, one sump, and one excavated pit associated with the interim systems.
The interim systems and their associated extraction wells are listed in Table XVI.

All operating remedial systems are monitored monthly by EnviroSolve Corporation, which
completes monthly reports listing routine operational data of all systems, including sample
analytical data for treatment system influents and effluents. Samples from remedial system
influents and effluents are analyzed for VOCs by EPA Methods 8010B and 8260B.
Concentrations of TCE and both isomers of 1,2-DCE, the primary VOCs detected from all
permitted systems, are summarized for the year 2003 in Table XVII. In addition to these
primary VOCs, concentrations of other chlorinated solvents were occasionally detected in
treatment system influent streams. Concentrations of 1,1-dichloroethylene and vinyl chloride
were detected in the Delta ASU influent during 2003. During 2003, samples from the Delta
and STL-IV influents were also analyzed for perchlorate by modified EPA method 300.0, but
none was detected (Table XVII).
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Surface water discharge is regulated by National Pollution Discharge Elimination System
(NPDES) permit No. CA-0001309. Discharge limits and results of water quality analyses of
surface water samples collected at Outfalls 001 and 002 are presented in Appendix G, Tables
G-I and G-II.

3.1.1 Permitted Systems

Only the Delta and STL-IV remediation systems were in operation during 2003. The
Delta system was in operation the entire year, but the STL-IV system was turned off
in March to support the Near-Surface Groundwater Investigation (Ogden, 2000). The
Bravo remediation system was shut off in May 2002 and did not operate during the
reporting period. The WS-5 Area UV/hydrogen peroxide system was shut off in late
2000, but was restarted in August 2003 to treat water pumped from the C-1 corehole
as part of a long-term pumping test conducted by MWH. The Alfa system was shut
down in March 2001, also to accommodate the CFOU investigation. Total pumpage
from all permitted systems in 2003 was approximately 4.639 million gallons. Monthly
water levels and flow rates are listed by well in Table XIV. Monthly and cumulative
pumpage volumes are listed by well in Table XV. Routine operational data for each
permitted system are presented in the monthly reports from EnviroSolve Corporation
(2003a through 2004).

TCE was detected in one secondary effluent sample from the Delta system in
December, at a reported concentration of 0.58 ug/l, which is below the drinking water
MCL. A subsequent sample collected from the Delta system secondary effluent,
indicated that TCE was not present above the reporting limit of 0.5 ug/l. Perchlorate
was not detected in any of the influent samples at Delta and STL-IV.

3.1.2 Interim Systems

Interim systems in operation at the Facility during 2003 included the RMHF
extraction/treatment system and the B/059 construction/dewatering system, which
includes the B/056 pit and the S-2 sump. The FSDF system, with RS-54 as the sole
extraction well, was shut off in March to facilitate aquifer testing and to support
MWH operations. The total pumpage from all interim systems during 2003 was
approximately 407,800 gallons. Monthly and cumulative pumpage volumes are listed
by well in Table XVI. Routine operational data for each interim system are presented
in the monthly reports from EnviroSolve Corporation (2003a through 2004).

No VOC:s or perchlorate were detected in effluent samples collected from the interim
systems during 2003. Previous samples from well RS-54 had indicated the presence of
perchlorate in shallow groundwater near FSDF. Consequently, the interim treatment
system in that area includes two carbon drums used to remove VOCs from the water
and ion exchange resin drums to remove perchlorate.
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